Abstract: Chronic urticaria has been explored in several investigative aspects in the new millennium, either as to its pathogenesis, its stand as an autoimmune or auto-reactive disease, the correlation with HLA-linked genetic factors, especially with class II or its interrelation with the coagulation and fibrinolysis systems. New second-generation antihistamines, which act as good symptomatic drugs, emerged and were commercialized over the last decade. Old and new drugs that may interfere with the pathophysiology of the disease, such as cyclosporine and omalizumab have been developed and used as treatments. The purpose of this article is to describe the current state of knowledge on aspects of chronic urticaria such as, pathophysiology, diagnosis and the current therapeutic approach proposed in the literature.
INTRODUCTION
Acute urticaria and angioedema can be part of the clinical spectrum of anaphylaxis and thus present a lethal risk if left untreated.
1 Chronic urticaria (CU) on the other hand is a disease with major negative impact on the patients' daily activities and can therefore worsen their quality of life. Over the last decade, European consensus regulated the classification, diagnosis and treatment of this group of diseases, based on critical analysis of Evidence-Based Medicine (EBM). 2 This review will approach relevant aspects of the "Position Paper of the Fourth International Consensus Meeting on Urticaria, Urticaria 2012", etiologic factors and pathophysiologic mechanisms associated with CU in the literature that were deemed relevant in the new millennium.
Helicobacter pylori infection and its relation to CU:
Hizalet al demonstrated the positivity of autologous serum skin test (ASST) and high levels of IgG against Helicobacter pylori among patients with CU and concluded that the link between autoimmunity and infection by Helicobacter pylori warranted further studies. 3 Federman et al. 4 in an attempt to try and resolve this controversy, performed a literature review and selected ten relevant studies published in English that fulfilled the following criteria: (i) patients with CU only, (ii) exclusion of other known causes of urticaria through specific tests, (iii) initial diagnosis of H. pylori infection established by serology, urea test or endoscopy, and (iv) complete treatment of H. pylori with antibiotics. 4 The authors observed that the resolution of CU was more likely after the H. pylori treatment had been completed, than if the patogen was not eradicated. About 50% of the population has serologic evidence of past or present H. pylori infections and at least 30% of CU patients are infected with this agent, but in general, the treatment of this bacterium does not influence the course of CU. 4 Greaves 5 suggested that H. pylori infection might have an indirect role in CU pathogenesis. Because of the immunogenicity of the patogen's cell envelope, it could be linked to the production of autoantibodies against Lewis X and Y blood group polysaccharide antigens, similar to that which occurs through molecular mimetism in Campylobacter jejunii infections and during Guillain-Barre syndrome. Therefore, H. pylori can have an indirect involvement in the etiology of CU, by reducing the immune tolerance and inducing the formation of autoantibodies, including the production of autoantibodies to antiFcεRIα. 6 Based on these data, there is still no overall consensus that the investigation of H. pylori should be performed as a routine or, that when it is present, the treatment might influence the course of CU.
Urticaria: food as a cause of pseudo-allergic reactions
Tharp et al 7 suggested that gastrin, a 17-aminoacid peptide released by G cells in the gastric antrum and proximal duodenum immediately after feeding, may be involved in anaphylactic reactions and urticaria reported after the ingestion of certain foods. This is corroborated by the observation that, it is not always possible to establish a direct correlation between clinical symptoms and the detection of antigen-specific IgE antibodies in cases of suspected food allergy. 7 In recurring CU, it is assumed that there might be histamine intolerance caused by an excessive dose of histamine in the diet and/or by abnormal histamine metabolism (diamine oxidase deficiency). 8 Diamine oxidase is the main enzyme involved in the degradation of histamine, acting predominantly in the intestinal mucosa. Alcohol and some medications may decrease the activity of this enzyme and determine a higher sensitivity to histamine-rich or histamine-producing foods. Several experiments have demonstrated deficiency of diamine oxidase in enterocytes of patients with recurrent CU. 8 Certain fishes (tuna, sardines, anchovies), cheeses (Emmenthal, Gouda), salami, sausage, certain fruits and vegetables (tomatoes), wine and beer are histamine-rich foods. 9 Drugs that may inhibit the intestinal activity of diamine oxidase and determine a higher concentration of histamine in general are: imipenem, dobutamine, pancuronium, pentamidine, salazosulfapyridine, verapamil, isoniazid, clavulanic acid, dihydralazine, chloroquine, cycloserine, acetylcysteine, metoclopramide and cefuroxime. 9, 10 Food additives such as preservatives, dyes and natural salicylates may trigger or aggravate urticaria through pseudo-allergic non-IgE-dependent mechanisms. These additives are: sodium metabisulfite, sodium benzoate, monosodium glutamate (MSG), sodium nitrate, tartrazine, erythrosine, sorbic acid and butylated hydroxyanisole. 10 Regarding MSG, there is still no definitive conclusion about its causal relation to chronic urticaria, despite the existence of controlled studies.
Di Lorenzo et al
12 studied pseudo-food allergy in 838 patients with chronic/recurrent idiopathic urticaria and found it present in about 1.0 to 3.0% of their population. The provocation tests with doubleblind placebo-controlled technique were performed using the following substances: tartrazine (E102), erythrosine (E127), monosodium benzoate (E211), phydroxybenzoate (E218), metabisulfite (E223) and monosodium glutamate (E620). The authors recommend considering the possibility of exclusion diets and provocation tests with food additives in cases of CU/refractory angioedema that fail to fully respond to H 1-antihistamine treatment. The general consensus is that, regarding CU, food additives can aggravate the disease but they are rarely its sole cause.
Dental infections and urticaria
The connection between dental infections and CU remains unclear. 13 There have been reports of transient urticaria with high fever outbreaks after dental treatment, suggesting that bacteremia and/or toxemia arising from treatment would induce urticaria through immune and non-immune mechanisms. Histamine release by mast cells, secondary to lipopolysaccharides from oral flora Gram-negative bacteria such as Veilonellasp, could be relevant as a pathogenic factor in urticaria outbreaks in patients with odontogenic infection; furthermore, these ana-phylotoxins can have an acute direct vasodilator effect that determines urticaria outbreaks. 13 We believe that patients with urticaria should have their dental condition assessed.
Hepatitis B and C infection
The fact that hepatitis B may be the cause of wheals or hives, particularly acute urticaria or CU is already well established.
14 It has been widely debated that hepatitis C (HC) can cause hives. We concur with the opinion of Siddique et al, that patients with urticaria living in areas of high prevalence of HC infection should be screened for it.
15
Helminthic parasites and infestations The association of acute urticaria and angioedema or CU with infestations by parasitic, protozoa, ectoparasites and helminthes has been postulated for many decades. In fact, the literature is replete with case reports or case series, but there are few case-control studies or meta-analyses on this subject. The association of urticaria with the following parasites have been reported: Giardia lamblia, Fasciola hepatica, Toxocara canis, Echinococcus granulosus, Strongyloides stercoralis, Hymenolepis nana, Blastocystis hominis, Ascaris lumbricoides, Anisakis simplex, Cimexlectularius (bedbug), Argas reflexus (bird tick).
16-26
The association between parasitism and urticaria has been better established with Anisakis simplex and recently with Blastocystis hominis. Anisakis simplex, also known as Pseudoterranova decipiens, Terranova decipiens or Phocanema decipiens belongs to the Anisakidae family. 27 These nematodes have been described in infestations affecting humans after the ingestion of raw or not fully cooked seafood.
27
Anisakiasis is the term used to describe the acute form of the disease in humans. Seafood is the main source of larval infection. Aside from urticaria and anaphylaxis, other manifestations such as rheumatic symptoms, contact dermatitis, Crohn's disease, eosinophilic gastroenteritis, conjunctivitis, and asthma have been reported. 27 Sensitization to Anisakis simplex can be investigated through specific RAST test in peripheral blood.
The prevalence of Blastocystis hominis ranges from 10% in developed countries to 50% in those in process of development.
28 Several authors have correlated different Blastocystis hominis genetic subtypesespecially subtype 3 -with cases of CU and acute urticaria, a fact that was not confirmed by other researchers. 28 Apparently the subtype identified may vary according to the different regions of the world, climate or seasonal changes, and source of infection.
28
Therefore, cases of CU in highly endemic geographic areas should be investigated for Blastocystis hominis in the stool and if the diagnosis is confirmed, treatment should be prescribed with metronidazole.
Chronic urticaria and thyroid
Hashimoto's thyroiditis and Graves' disease are associated with idiopathic CU. 29, 30 Antithyroid antibodies are found in 27% of patients with idiopathic CU and 19% of patients have abnormal thyroid function. 31 In such CU cases, high titers of antithyroid antibodies (antithyroglobulin and antiperoxidase) can be detected, while that occurs in only about 3% to 4% in the general population without thyroid diseases. 32 The simultaneous occurrence of antithyroid antibodies and anti-FcεRIα in some patients with socalled "idiopathic" urticaria seems to indicate the existence of a disease or a "state" secondary to an underlying autoimmune process and/or a disruption of immune regulation. Rottem (2003) reinforces this concept, suggesting that there are no data to support a connection between the presence of antithyroid antibodies and CU's pathogenesis, and that these are most likely parallel events, as occurs with autoimmune diseases. 33 In conclusion, tests for antithyroid antibodies and thyroid function should be performed in all CU cases in order to detect early those thyroid dysfunctions that require follow-up and treatment.
33
Autoimmune / auto-reactive chronic urticaria About 50% of the cases of chronic urticaria are considered autoimmune diseases, due to the presence of circulating histamine-releasing autoantibodies, especially directed against IgE high-affinity receptors (FcεRIα) present in the cytoplasmic membrane of mast cells and basophils or anti-IgE autoantibodies.
34
There is clear evidence for a genetic predisposition to develop CU, i.e., there is a strong association with HLA and familial inheritance or autoimmune etiology in some cases, especially those with a positive autologous serum skin test (ASST). 34 There are reports suggesting a connection between CU with a positive ASST result and autoimmune diseases, such as autoimmune thyroiditis, celiac disease, rheumatoid arthritis, Grave's disease and type 1 diabetes mellitus; also, a higher frequency of autoimmunity serum markers like rheumatoid factor, antinuclear and antithyroid antibodies. 34 Patients with CU and positive ASST have a high frequency of HLA-DRB1 * 04 and its associated allele DQB1 * 0302 when compared to the healthy population and patients with CU and negative ASST. [34] [35] [36] Unfortunately, we still lack a routine laboratory test to detect anti-FcεRIα and / or circulating and functionally active anti-IgE. ASST autoantibodies have been considered an "in vivo" test to confirm both the presence of these autoantibodies and histamine release in basophils. 34, 36 In a retrospective study performed in Israel, Confino-Cohen et al 36 analyzed data from 12,778 patients with CU during a period of 17 years, and compared clinical and laboratory data with 10,714 control patients without CU. There was a definite increase in the odds ratio of hypo-or hyperthyroidism and the presence of antithyroid antibodies among patients with CU. Female patients with CU had a higher incidence of rheumatoid arthritis, Sjögren's syndrome, celiac disease, type I diabetes mellitus and systemic lupus erythematosus during their lifetime and those illnesses were diagnosed mainly in the 10 years following the diagnosis of CU. Increase in mean platelet volume, positivity for rheumatoid factor and antinuclear antibodies were more prevalent and significant among patients with CU. Probably the presence of a chronic inflammatory process, implied by the increased mean platelet volume, shares a common pathogenic pathway with autoantibody formation in patients with CU. However, 50-60% of CU cases remain idiopathic, the so-called "spontaneous" CU. 2, 36 Recently, some authors demonstrated the activation of the coagulation system in patients with CU via thrombin generation, initiated by the increased expression of coagulation tissue factor on eosinophils. [37] [38] [39] This determines a potential contribution to the increase in capillary permeability. These patients often have elevated coagulation and fibrinolysis serum markers, such as fragment 1 +2 prothrombin and D-dimer, whose levels seem to correlate with the severity of CU. [37] [38] [39] In animal models, thrombin shows increased capillary permeability by direct action on the endothelium and indirectly by inducing the release of pro-inflammatory mediators by mast cells, increasing C5a in the absence of C3, and bypassing the first part of the complement cascade. [37] [38] [39] It is possible that, a synergy between the action of autoantibodies and the coagulation cascade exists in some patients with chronic urticaria.
37
An article by the "European Academy of Allergy and Clinical Immunology" was published in 2013, defining and proposing criteria for the diagnosis of autoimmune urticaria. 40 The following criteria were proposed as the gold standard for autoimmune chronic urticaria:
40 (a) presence of a positive in vitro biological test to demonstrate the autoantibodies' functionality (basophil histamine release test or the expression of a basophil activation marker such as CD63 or better still, CD203c during flow cytometry) AND (b) positive autoreactivity (positive ASST) in order to demonstrate the in vivo relevance of mast cell degranulation and the increase in capillary permeability, AND (c) a positive immunological assay for autoantibodies against FcεRIα receptors (Western blot or ELISA), to demonstrate the autoantibodies' specificity.
In daily practice, however, most physicians have only the autologous serum skin test available and its positivity in a patient with CU can only suggest "autoreactivity". Unfortunately, we do not have the other tests indicated for the diagnosis of autoimmune CU in our country.
Chronic urticaria and allergic etiology
The link between CU, IgE sensitization, aeroallergens and allergy has been much discussed but seldom studied. studied 128 adult patients with CU under the aspects of IgE sensitization and allergy. These authors considered CU an allergic disease if: i) there was a high correlation of positive prick tests (skin puncture tests) to an allergen that was clinically relevant in the patient's medical history, and ii) a complete remission of urticaria occurred within the first two months after the allergen was removed. Among 105 patients with interpretable puncture tests, 46.7% were sensitized by IgE. Two patients had clinically relevant puncture tests, however their CU had many other triggering factors and there was no remission after withdrawal from allergen exposure. The authors concluded that the rate of IgE sensitization is higher among patients with CU, compared to the general adult population. 41 However, these CU cases cannot be considered as an expression of IgE-mediated allergies, but as a chronic inflammatory disease that is more common in IgE sensitized subjects and induced by many factors, amongst which IgE-mediated allergy is the least frequent one. 41 The relevance of allergic sensitization to dust mites in the etiology and treatment of CU is still unknown. In Turkey, Caliskaner et al 42 studied 259 patients with chronic urticaria and angioedema, without respiratory allergic diseases (rhinitis and/or asthma) and compared their results with 300 healthy controls and 300 atopic patients. Immediate cutaneous reactivity to one or more allergens was detected in 71 cases of CU and angioedema (27.4%). The most commonly detected allergen was residential house dust (24.7%) . 42 Positive prick tests (skin puncture tests) were correlated to other aeroallergens, including pollen, mold and cockroaches in 7.7%, 0.4% and 0.8% of patients respectively. In the healthy control group, 7% of cases were considered atopic regarding the prick test results.
42 Pollen (6%) and house dust (4.7%) were the most commonly found allergens in the healthy control group. In the atopic control group, pollen and dust mites were the allergens most commonly detected in the prick test (62% and 50.3%, respectively). 42 The difference between patients with CU and the control group was statistically significant, regarding the presence of atopy and sensitivity to mites (p <0.001). 42 The proportion of skin test that were positive to house dust was higher in the CU group than among healthy cases, but not as high as in atopic patients. 42 Furthermore, the rate of cutaneous reactivity to other aeroallergens did not differ from the healthy group. The authors concluded that urticaria, as an isolated clinical manifestation in patients who are sensitive to dust, was not common in this study.
Therefore, it is well established that CU is not included in the indications for immunotherapy with allergy desensitization. 42 So, in our opinion, the systematic practice of skin prick test reading should not be routinely performed during the investigation of CU, unless there is a definite correlation between episodes of CU worsening and data from the patient's medical history.
Definition, classification and course of the disease
Urticaria is characterized by the sudden appearance of wheals, which may be accompanied by angioedema. 43, 44 Superficial dermal edema is called wheals or hives, while edema in the deep dermis, hypodermis and gastrointestinal tract is known as angioedema. 44, 45 Diagnosis is mainly clinical.
1
Wheals have three typical features: (i) central edema of variable size, almost always surrounded by a reflex erythema, (ii) association with pruritus and sometimes a burning sensation, (iii) ephemeral nature, with the skin returning to its regular appearance in usually 1 to 24 hours. Angioedema is characterized by: (i) a sudden, pronounced edema of the deep dermis and subcutaneous tissue: (i) pain more often than pruritus (iii) frequent involvement of mucous membranes, and (iv) resolution of symptoms in about 72 hours, more protracted than in the case of wheals.
It is well known that, the spectrum of clinical manifestations of the different subtypes of urticaria is very broad. Moreover, two or more subtypes of urticaria can coexist in the same patient. During the "4th International Consensus Meeting on Urticaria 2012", the adoption of a clinical classification (shown in chart 1) was proposed. 2 Undoubtedly, this classification is not perfect since there are still some inconsistencies, e.g., physical urticaria also has a chronic nature. 42 However, physical urticarias are grouped as a result of the special nature of their causal factors, while in acute and chronic urticarias, lesions appear spontaneously without external physical stimuli.
3
In 2001, Kozelet al 43 published a study conducted in the Netherlands, with 220 adults diagnosed with urticaria. Of these, 72 cases (33.2%) had physical urticaria, 24 (10.9%) had a combination of physical urticaria and idiopathic CU, 78 (36%) had idiopathic CU, 20 cases (9.0%) were induced by drugs, 15 (6.8%) by food, four (1.8%) by infections, three (1.4%) by internal diseases, and two (0.9%) were urticaria due to contact. Causality was established in 53.1% of the cases. Thirty-five percent of the cases were free of symptoms after one year and in 28.9% there was an improvement of symptoms. Spontaneous remission occurred in 47.4% of patients in whom no causal agent was identified and only in 16.4% of cases with physical urticaria. In this study, patients with physical urticaria had the worst prognosis regarding disease duration, as 84% of them still had symptoms after one year. 43 Another important factor in urticaria is to classify the intensity and activity of the disease. Młyneket al 44 proposed a classification, later validated in 2008, which was ease to adhere to by both physicians and patients in their daily activities (Chart 2). 4 Due to the variable intensity pattern of urticaria along the day, sequential dermatologi- cal inspections (visualization of the skin) should be made periodically (Urticaria Activity Score -UAS 0-6 points) to increase the accuracy of the score; the sum of points scored over seven days (UAS 7, 0-42 points) is currently being used in clinical studies. 44 In general, larger wheals indicate outbreaks that are more intense and more difficult to treat.
44

DIAGNOSIS
Spontaneous UC is a disease that causes serious impact on patients and high direct and indirect costs to the health system, as well as extensive socioeconomic implications, since it delays by about 20-30% the return of productive individuals to the work force.
2 Due to the wide heterogeneity of this group of diseases called urticaria, routine investigation should include a good history, a good physical exam, quests for information on possible causal factors and important data on the nature of urticaria. 2 The next step is laboratory testing to exclude significant systemic diseases, provided they are warranted by clinical history and physical examination. 2 Skin biopsy of wheals must be performed if there is suspicion of vasculitis or urticaria vasculitis, which usually persists for more than 24 hours in the same location and can leave hyperchromic or purplish residual lesions, although that does not always occur. 2, 45 Furthermore, burning symptoms isolated or coupled with pruritus may be reported by these patients. Skin biopsy of wheals is also indicated in cases that are refractory to treatment with antihistamines.
2,45
Considerations on autologous serum skin test (ASST)
In 1946, Malmros published the first report on the likelihood of autologous serum (from patients with urticaria) triggering positive skin tests, although this hypothesis was disregarded for decades. 46 The autologous serum skin test (ASST) is an "in vivo" test that measures the autoreactivity of an individual. 40, 47 This autoreaction is characterized by the formation of wheals and pruritus in response to an intradermal injection of autologous serum (obtained from the patient during the clinical activity of urticaria, or crisis), which acts indirectly through the release of mediators from mast cells/other cells or directly by acting on the skin's microvasculature. 40, 47 It should be stressed that, autoreactivity does not define nor does it imply in the presence of autoimmune urticaria, but it may be an indication of mast cell activation by the autoantibodies present in the autologous serum of patients with CU and positive ASST.
40,47
The frequency of positive ASST in adults with CU ranges from 4.1% to 76.5% depending on different criteria for positivity, including confirmation by histamine release test (HRT). 40 The discrepancy in results can be attributed to patient selection bias, severity of illness, methodology and interpretation of the results or even the actual prevalence of autoimmune urticaria in the population tested. 40 The frequency of positive ASST is 45.5% (95%CI, 24.7-74.4%) when establishing a 1.5 mm difference in diameter between the response obtained with cases tested with saline (negative control) and 43.5% (95%CI, 34.8-62.1%) when the difference is 2 mm.
47 A positive ASST result on a CU case could mean an "auto-reactive CU". 40 Current recommendations to establish the methodological standardization for ASST are summarized in Figure 1 . 40 In order to perform an ASST, it is necessary to take the patient off any medication with antihistamine activity for a variable period of time before testing, as depicted on chart 3.
40
Considerations on the autologous plasma skin test (APST)
The autologous serum skin test is based on intradermal injection of autologous serum, and merely represents a diagnostic procedure used in autoimmune CU.
48, 49 The plasma used in the APST also contains coagulation factors and sodium citrate. Therefore, the positivity occurring in the APST may be due both to autoantibodies that induce thrombin activity and/or to the sodium citrate. 48 In a study with 96 patients with CU, Asero et al 49 found that 51 of 96 patients (53%) were ASST-positive, and 61 of 71 (86%) were APST-positive. Asero's group in Italy advocates that, the autologous plasma skin test increases the sensitivity of diagnosis in cases of autoreactive CU, since it indicates the activation of the coagulation cascade in the presence of autoantibodies. These autoantibodies, when degranulating mast cells and basophils, activate eosinophils, which in turn release tissue factor thus stimulating the coagulation cascade and compensatory fibrinolysis. The latter will SCORE* WHEALS PRURITUS 51 Therefore, the authors concluded that APST to assess autoreactivity in clinical practice was not superior to ASST and further studies should be conducted to corroborate these findings.
TREATMENT
The treatment of urticaria includes pharmacological and non-pharmacological interventions.
52,53 Non-pharmacological interventions for physical urticaria are limited to reduction of stress levels, and sun exposure and diminished alcohol intake. There is little evidence that reducing drug-intake and the exposure to pseudo-allergens would improve urticaria in these patients, except in cases of spontaneous CU, which is aggravated by nonsteroidal anti-inflammatory drugs (especially aspirin) in 25-30% of patients with urticaria. 52 Cooling lotions, such as 1% menthol can be soothing to many patients with very active urticaria. In our opinion, it is important in the treatment of chronic urticaria to make the patient understand the need for continuous, and not intermittent treatment, in order to achieve the proper control of the disease; also, to explain that this is a chronic condition that requires uninterrupted medication similarly to hypothyroidism or diabetes mellitus, although unlike these two diseases, urticaria tends to go into remission over time.
Treatment of wheals outbreaks is sequential or made in steps, but its main cornerstone is the use of antihistamines (Figure 2) .
52 Therefore, H1 antihistamines (anti-H1) are crucial in the treatment of urticaria.
52,53 Nevertheless, some CU cases may present a marked inflammatory cell infiltration, which can be somewhat refractory to anti-H1 and respond satisfactorily to oral corticosteroids or second-line agents (montelukast, dapsone or colchicine).
52-54
Criado et al 55 studied 22 CU patients unresponsive to conventional antihistamine treatment. The patients had uncontrolled urticaria even with multiple combinations of antihistamines at maximum doses and corticosteroids for short cycles (prednisone 20-40 mg, p.o, once a day, 3-7 days per month). Cutaneous biopsies of the wheals were performed. The findings were classified as: (i) dermal perivascular mixed inflammatory infiltrate comprised of lymphocytes, monocytes and neutrophils and/or eosinophils; (ii) inflammatory infiltrate formed mainly by neutrophils; and (iii) inflammatory infiltrate composed mainly of eosinophils. According to histopathologic results, patients were subjected to one of the following regimens: Class A -antihistamine associated with dapsone; Class B -colchicine or dapsone; Class C -montelukast. Four patients in class A, eight in class B and seven in class C showed complete remission of urticaria after 12 weeks of treatment; one patient of class B and two in class C did not respond to therapy. Two years after treatment discontinuation, 16 patients remained urticaria-free. The authors concluded that, dapsone or colchicine might be effective adjuvant drugs in the presence of intense neutrophilic infiltrate, as could montelukast in cases with eosinophilic infiltrate.
H1-antihistamines are used in the treatment of urticaria since 1950.
56 Although first-generation drugs have a relatively lower cost than second-generation ones, the former have pronounced anticholinergic effects, with sedative action on the central nervous system (CNS) that lasts 12 hours, while their anti-pruritic effects last between 4 to 6 hours. 56 As a consequence, there have been many reports on interactions between first-generation anti-H1 drugs, alcohol and medications (analgesics, hypnotics, sedatives and antidepressant drugs), causing unwanted effects in the CNS. 56, 57 In addition, monoamine oxidase inhibitors may prolong and intensify the anticholinergic effects of first generation H1-antihistamines. 54 The most used first-generation, anti-H1 drugs to treat CU belong to the groups of ethanolamines (diphenhydramine, clemastine), piperazines (hydroxyzine, dexchlorpheniramine) and piperidines (cyproheptadine and ketotifen).
56 Some randomized studies compared the effects of cetirizine versus hydroxyzine and loratadine in the treatment of CU and demonstrated similar clinical efficacy but superior safety profile for cetirizine in comparison to hydroxyzine. The main differences between first and second-generation anti-H1 are listed in chart 4.
57,58
Second-generation H1-antihistamines are the only drugs for the treatment of chronic urticaria, which are supported by high levels of scientific evi-
Step 1
• H1-antihistamines (monotherapy)
Step 2 • 2nd generation anti-H1 in association with up to four different drugs a day (off-label in Brazil: dosages up to 4 times those reccomended by the manufacturer for each drug
Step 3
• Leukotriene antagonist (montelukast) or short courses of oral corticosteroids (3 to 7 days per month)
Step 4
• Cyclosporine, dapsone, colchicine, methotrexate or omalizumab
Step 5
• Cyclophosphamide or other drugs
FIGURE 2: Sequential treatment of Chronic Urticaria (in steps)
dence, from the perspective of evidence-based medicine, as there are prospective, randomized and double-blinded controlled studies published. 2, 57 Therefore, these medications are indicated as first-line treatment for symptomatic CU.
2 Second-generation antihistamines provide moderate-to-good control for 44-91% of all types of urticaria and 55% of patients with CU.
59
In general, all H1-antihistamines are effective in reducing pruritus in urticaria, although less often affecting the number and size of wheals. 60 So, there is a sizable group of patients with CU for whom H1-antihistamines in doses usually recommended on label are not able to control disease symptoms.
Some authors propose that, in young adults without associated disease, the doses of second generation anti-H1 should be increased up to four times those recommended by manufacturers on label, before substituting the drug or adding another medication in the treatment of CU (not approved by the National Health Surveillance Agency -ANVISA in Brazil). 2, 53, 53, 61 A study using cetirizine in 22 patients with CU confronted these recommendations, seen as no improvement was observed after two weeks of treatment with 30 mg of cetirizine, though this may be due to the limited observation period during the study. 59 Weller et al 62 conducted a retrospective questionnaire survey on 319 patients diagnosed with spontaneous CU. The aim of this study was to establish the patient's perception on the effectiveness and adverse events of treatment with H1-antihistamines, both in standard and higher doses. Of the total population, 121 patients received questionnaires from their doctors or hospitals and 198 were informed about the research over the Internet, at the Allergie-Centrum-Charitè homepage or at the Urticaria Network (www.urtikaria.net) webpage. The latter group completed the questionnaire online.
62 Both questionnaires were identical. All surveys were completed anonymously and no Internet Protocol (IP) was retrieved. The only pre-requisite for participation was that subjects had spontaneous CU (spontaneous wheals recurring for more than six weeks) and that they were adults, over 18 years of age. Participants agreed that the usual doses of second-generation antihistamines (recommended by the manufacturer) were significantly more effective than those of the first-generation drugs (p <0.005).
62 Furthermore, they found that second-generation drugs caused significantly fewer side effects (p <0.001) and less sedation than first-generation antihistamine medications (p <0.001).
62 Three quarters of the patients reported that they had increased the doses of second-generation antihistamines, and 40%, 42% and 54% of the subjects reported significantly higher benefits by taking 2, 3 or 4 tablets per day, respectively. 62 The number of reports on adverse events and sedation with higher doses was not significantly different from those reported with usual doses.
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In a literature review study, Sánchez-Borges et al 63 concluded that the use of higher second-generation anti-H1 doses increased the proportion of patients who achieved the control of urticaria symptoms, without producing higher rates of adverse events, including somnolence.
63
Despite the small number of studies, the best results seem to be those obtained with cetirizine, levocetirizine and desloratadine, and regarding dosage increase, there were mixed results with rupatadine and one study with fexofenadine failed to show greater improvement with higher doses. 63 Overall, studies comparing various secondgeneration anti-H1 drugs in the treatment of CU, observed no significant difference regarding symptom control, quality-of-life and safety profile, and all of them are designated as first-line agents in the treatment of CU. 2, 58 Chart 5 summarizes the recommendations for the treatment of urticaria, according to the "4 th Consensus Meeting, Urticaria 2012" held in Berlin. An ample variety of H1-antihistamines available on the market, their dosage and recommended doses can be seen on chart 6.
First-generation H1Antihistamines
Usually given 3 to 4 times a day
Cross the blood-brain barrier (they are lipophilic substances, have low molecular weight and are not substrates of the P-glycoprotein efflux pump system) Cause several adverse events (sedation, hyperactivity, insomnia and seizures)
Case reports on toxicity are regularly published.
Absence of placebo-controlled, randomized, double-blind clinical trials Lethal dose already identified in infants and children
Second-generation H1Antihistamines
Usually given once or twice a day Do not cross the blood-brain barrier (they are lipophobic substances, have high molecular weight, and are substrates of the P-glycoprotein efflux pump system) Do not cause significant adverse events in the absence of drug interactions Reports on serious toxicity events are virtually non-existent. for the "Cochrane Skin Group Specialized Register" concluded that the presence of few studies and small case series in the literature regarding the use of anti-H2 (cimetidine and ranitidine) in the treatment of urticaria, preclude any conclusion on their effectiveness in treating the disease.
Other pharmacological interventions in chronic urticaria (third-line agents)
While anti-histaminic treatments with highdose second-generation anti-H1 (up to four times the recommended doses) can control the symptoms in most patients, alternative treatments may be required for the remaining unresponsive population. 2 Since the intensity of chronic urticaria fluctuates, and spontaneous remission may occur in 50% of patients within 6 months of diagnosis, it is advisable to re-evaluate the need for continued treatment or alternative therapies every 3 to six months, although in our opinion, patients should be assessed at interval periods no longer than two months. 2 There are numerous studies on alternative drugs for the treatment of chronic urticaria, either in combination with H1-antihistamines or as monotherapy, however with low levels of scientific evidence. 2 Examples for this strategy include: ketotifen, montelukast, warfarin, nifedipine, tranexamic acid, colchicine, dapsone, sulfasalazine, methotrexate, plasmapheresis, intravenous immunoglobulin, hydroxychloroquine, biological agents, danazol / stanozolol and cyclophosphamide, among others. 4 Even with low levels of scientific evidence, many of these drugs are used in antihistamineresistant patients with chronic urticaria, therefore we will discuss them further along.
Cyclosporine
Most studies on cyclosporine used 5 mg/kg/day doses for periods ranging from 8-16 weeks with good results, varying from 64% to 95% approximately. Some studies used smaller doses (2 to 5 mg/kg/day). [65] [66] [67] [68] [69] At these doses, side effects occur less frequently than at higher ones. In these cases, particularly, there have been reports on infections, hypertension, nephrotoxicity and increased malignancy. 70, 71 Other less severe side effects include hirsutism, headache, nausea, paresthesias, abdominal pain and hypertension. For this reason, it is necessary to monitor blood pressure, renal function and cyclosporine levels and even glycemia and lipidemia.
70,71
Methotrexate
This drug has anti-inflammatory and immunosuppressive activities, although much of its mechanisms of action are unknown. It is known that, methotrexate increases adenosine levels, inducing the apoptosis of CD4 lymphocytes and inhibiting neutrophil chemotaxis. It has been used in doses of 10 to 15 mg per week in cases that were resistant to antihistamines and systemic corticosteroids, with results
Terminology and classification
Differential diagnoses
Determination of disease activity Diagnosis Treatment Chronic urticaria may occur as "chronic spontaneous urticaria" or "inducible chronic urticaria". The inducible group includes physical, cholinergic, contact and aquagenic urticarias; the term "idiopathic" chronic urticaria should be avoided.
Differential diagnoses should include bradykinin-related angioedema (hereditary angioedema and angioedema secondary to angiotensin conversion inhibitors) and urticarial syndromes associated with interleukin-1 (autoinflammatory syndromes or diseases, urticaria-vasculitis) a. New methods and tools are available. b. Disease activity: UAS (urticaria activity score), AAS (angioedema activity score), triggering threshold of inducible urticaria. C. Quality of life: CU-Q2oL (chronic urticaria quality of life survey chronic urticaria), AE-QoL (angioedema quality of life survey -quality of life questionnaire for patients with angioedema) a. In spontaneous chronic urticaria there are two steps to the diagnosis: -Routine diagnosis (exclusion of serious underlying diseases in all patients): ESR or C-reactive protein, complete blood count, suspend the use of non-steroidal anti-inflammatory drugs or substitute them. -Complementary diagnosis (to identify and treat possible causes in patients with persistent disease and/or severe spontaneous urticaria): based overall on the patient's medical history, detection of autoreactivity, intolerance, and infection. b. In inducible chronic urticaria, the diagnosis is limited (usually) to determining the triggering factor and the tolerance threshold to stimuli.
Treatment is indicated in three steps:
Step 1: non-sedating, second-generation antihistamines
Step 2: doses up to four times those recommended on the label of non-sedating, second-generation antihistamines
Step 3: Omalizumab, cyclosporine A, montelukast.
CHART 5: Management of urticaria: recommendation guide proposed by the "4th International Meeting on Urticaria Consensus" in 2012
Adapted from Zuberbier Tet al 2 achieved after 3 to 6 weeks of treatment. 72, 73 It is considered as a corticosteroid-sparing alternative. Gastrointestinal side effects, stomatitis, headache, fatigue, and hematological alterations may occur at low doses. 72, 73 Since there is the risk of hepatotoxicity and myelosuppression, laboratory surveillance is mandatory, especially of hepatic function.
72,73
Cyclophosphamide
Prescribed usually in cases of extreme treatment resistance, it has been used orally at 100 mg doses (equivalent to 1.5 mg/kg for 5 days, every week) associated with 600 mg/day acetylcysteine to reduce bladder toxicity, with good results. 74 It should be used sparingly, due to its many potential adverse events. 
Biologic agents a. Intravenous immunoglobulin
It has immunomodulatory activities, including complement and cell adhesion modulation and acts at the level of cytokines and autoantibodies. This drug has been used with good results in CU, at a dose of 0.4 mg/kg/day for 5 consecutive days, or in other schemes, both intravenously and subcutaneously. [75] [76] [77] Anaphylactoid reactions, aseptic meningitis and renal failure are reported as rare adverse events and despite being relatively safe, this is a very high-cost treatment.
b. Omalizumab
This is an anti-IgE monoclonal antibody approved for the treatment of moderate to severe asthma. It decreases free IgE and inhibits the expression of high affinity IgE receptors on mast cells and basophils. Applied subcutaneously, it was one of the first biopharmaceuticals on the market indicated to treat severe allergic asthma. When treating CU, one must take in consideration the presence of IgE autoantibodies. 78, 79 Good results have been reported in idiopathic and cholinergic CU, urticaria secondary to sun or cold exposure, dermographism and angioedema. 78, 79 A randomized multicenter, double-blinded study evaluated 90 patients with chronic spontaneous urticaria unresponsive to antihistamines, aged 12-75 years, and good control of the disease was achieved with one dose of omalizumab. 80 The improvement obtained with the medication versus placebo was statistically significant at 300 and 600 mg doses, but not at 75 mg, complete resolution of urticaria was achieved in the first two weeks in 36% of patients in the 300mg group, 28.6% in the 600 mg and 4.4% in the 75 mg and 0% in the placebo group. 80 Recently, a randomized multicenter study with 323 patients treated every 4 weeks observed, at week 16, a 44% improvement in the 300mg group, 22% at 150mg, 16% in the 75mg group and 5% in the placebo group. 81 Therefore, the use of omalizumab at 300 mg or 600 mg doses seems to be a rapid and effective treatment for patients with CU who are persistently symptomatic despite the use of anti-H1 medications. 81, 82 c. It is a chimeric monoclonal antibody against CD20 protein, which is expressed mainly on B cells (lymphocytes).
82 Rituximab destroys B-lymphocytes and decreases the production of autoantibodies. In three case reports, the drug was effective in two patients with H1-antihistamine resistant CU and in another case it was ineffective. 88 The authors reported improvement on the urticaria, with length of remission varying from months to years, and three patients continuing in long-lasting remissions even after all medications were withdrawn.
86
Corticosteroids
Corticosteroids are known to be effective in the treatment of CU in patients who are unresponsive to anti-H1 medications.
82 Nonetheless, controlled studies on the subject are still lacking. Clinical effects may be evident at 25 mg doses in the early days of treatment, however, given the potential adverse events associated with the chronic use of corticosteroids (diabetes mellitus, hypertension, osteoporosis and gastrointestinal bleeding), oral corticosteroids should be used for short periods of time (3-7 days per month) and at the smallest effective dose.
2,82
Drugs with anti-inflammatory effects
These medications are generally safe and affordable to the majority of the population, have still limited evidence of effectiveness in the literature, but can be used in the treatment of CU before more expensive or toxic drugs are considered. There are two studies published in the indexed literature, a prospective one by Criado et al 55 and a retrospective analysis by Pho et al 90 , evaluating the use of colchicine in the treatment of CU. The drug acts by precluding the formation of the apparatus that extrudes granules from mast cells and basophils. Both studies found partial or complete response in at least half the patients. Adverse events are bearable, including diarrhea, leukopenia, and hematuria; furthermore it is a low-cost medication. Colchicine should not be used in pregnant women.
c. Dapsone
Dapsone has been reported to be effective in the treatment of CU/angioedema at doses of 25 to 50 mg per day. 54, 55, 82, 91 In a study, in association with desloratadine and as monotherapy, it showed higher rates of remission, although urticaria activity scores were not reduced. 92 According to Noda et al, dapsone's antiinflammatory activity occurs by inhibiting the chemotactic migration of neutrophils, protecting cells from neutrophil and eosinophil-mediated damage, reducing the release of prostaglandins and leukotrienes and reducing the integrin-mediated neutrophil adherence, which inhibits the migration of these cells into the extravascular compartment.
91 Although generally well tolerated, dapsone can induce dose-dependent anemia and less frequently peripheral neuropathy, exanthema, DRESS syndrome, gastrointestinal symptoms, hepatotoxicity and methemoglobinemia. Monitoring serum levels of glucose-6-phosphate dehydrogenase (G6PD) is necessary, due to the risk of severe hemolysis in patients lacking this enzyme.
The recommended dose is 2g, p.o daily, with results usually seen within a month.
82 Adverse events such as nausea, dyspepsia, headache, proteinuria, hepatotoxicity and hematologic abnormalities have been reported.
82
Leukotriene receptor antagonist (Montelukast)
Montelukast is used at 10mg per day in adults, as an adjuvant drug to the anti-histaminic treatment, with excellent safety profile. 55, 82 Leukotrienes C4, D4 and E4 play an important role in the process of allergic inflammation, warranting this drug as an adjunct in the treatment of CU. Khan & Lynch 93 achieved CU control in 48% of 25 patients treated with montelukast associated to anti-H1 and anti-H2, 11 had no improvement and in two patients the urticaria worsened after the drug was introduced. Adverse events included upper respiratory tract symptoms, diarrhea, nausea, vomiting, exanthema, elevated transaminases and exceptionally, psychiatric disorders.
93
Anticoagulants Frequently, patients with CU show an increase in plasma markers of thrombin generation and fibrinolysis during periods of disease exacerbation, perhaps as a consequence of tissue factor expression on the plasma membrane of activated eosinophils.
82, 94 The activation of coagulation and fibrinolysis decreases as the disease enters remission. 82 The exact role of this phenomenon (activation of coagulation and fibrinolysis) acting as the centerpiece of the disease's pathophysiology or epiphenomenon acting as an amplifier of inflammation, is not yet elucidated. According to Asero et al 82 it seems reasonable to use anticoagulant or antifibrinolytic agents in patients with CU, since the disease's activity runs parallel to this phenomenon. Reports on the use of oral anticoagulation, warfarin (keeping INR over 2) and also heparin have been published for the last decade. [95] [96] [97] [98] However, the use of these drugs is still not routinely recommended in the treatment of CU.
82
Levothyroxine
The association between thyroid autoimmunity and CU is well established. Karaayvazet al 99 conducted a study with 60 patients with UC, divided into two groups matched for sex and age, using ketotifen or levocetirizine. The group using ketotifen achieved symptom relief while taking the medication, but relapsed after drug withdrawal. Eighteen patients in the group using levothyroxine achieved complete remission and 3 had partial improvements; furthermore, symptoms did not recur in those with complete response. Treatment with levothyroxine takes at least 10 days to demonstrate effect; 0.1 mg/kg/day for four weeks is usually appropriate and does not cause alterations in thyroid function. 99 It is advisable to approach these cases in conjunction with an endocrinologist, especially in situations where no control of chronic urticaria associated to thyroid autoimmunity was obtained with other pharmacological interventions and provided that there are no contraindications to thyroid hormone replacement therapy. 99 It is hypothesized that patients with autoimmune thyroiditis have autoantibodies against thyroid proteins (antithyroglobulin and antiperoxidase), which induce inflammation and cytokine release that will subsequently bind to C4, activate the complement system and stimulate the release of histamine by basophils and mast cells. 100 Thus, antithyroid and anti-FcεRIα antibodies activate the complement in a synergic manner, increasing the release of vasoactive amines, leading to urticaria.
Therapeutic strategies in clinical practice
In our understanding, the treatment of chronic urticaria should be customized according to the patients' lifestyles (profession, social interactions and recreational activities), their socioeconomic level and understanding of disease and treatment. A basic principle is to avoid known aggravating or triggering agents, such as alcohol and indiscriminate use of COX inhibitors and nonsteroidal anti-inflammatory drugs. Each therapeutic intervention cannot be assessed as to its effectiveness before 2 to 4 weeks, at the earliest. If disease control is not achieved with a certain drug, as long as there is no contraindication for an association, it should be maintained at least until the illness is controlled.
Patients with CU tend to develop psychological/psychiatric problems, some even preceding the initial event of urticaria, such as post-traumatic stress disorder, alexithymia (marked difficulty in verbaliz-ing emotions, describing feelings or bodily sensations), anxiety (particularly phobias) and depression, which may affect up to 48% of patients with spontaneous CU.
101-103 Thus, psychological and/or psychiatric support, beside positive attitudes from the health care team can always be helpful to the treatment.
The quality-of-life of patients with CU is greatly affected, as patients suffer with pruritus, wheals and present fatigue caused by sleep disorders and adverse events of medications. 104 The disease affects many realms of the patient's life, having also an economic impact for the patient and the health system.
104
In tertiary referral centers, the impact in quality of life for these patients is comparable to that experienced by older subjects with severe ischemic heart disease and overall, on various dimensions, to the impact suffered by patients with psoriasis and atopic dermatitis. 104 So, face to the reality of medical practice in Brazil, we adopted a strategy of sequential treatment (in steps), ranging from the use of anti-H1 as standard initial drugs, to second-line agents (leukotrienes and corticosteroids in short courses), third-line medications (omalizumab, cyclosporine, methotrexate; antiinflammatory drugs, such as dapsone, hydroxychloroquine and colchicine) and fourth-line drugs (immunosuppressants that are more toxic), considering that in most cases, progression to the next level of therapy also implies increase in direct or indirect costs, as well as greater risks of adverse events (Figure 2 ).
82
Chronic urticaria: severity markers and disease prognosis Rabelo-Filardiet al 105 in a systematic review of 34 studies published on spontaneous chronic urticaria, concluded that the clinical severity of CU can forecast disease duration, and laboratory parameters such as elevation of serum levels of fragments 1+2 prothrombin, d-dimer and C-reactive protein (CRP) may reflect the gravity of the disease, and perhaps its resistance to conventional treatment. Patients with more severe symptoms may have more persistent disease courses.
106 Spontaneous remissions occur in 30-50% of patients within a year of disease evolution, and another 20% within 5 years.
106 About 20% of patients with CU remain ill after five years of evolution.
106 Nearly half of patients with CU lasting six months, will probably still have the disease 10 years later.
106
A Korean study with 131 patients with CU evaluated the presence of signs of metabolic syndrome, disease activity score and serum markers for inflammatory activity.
107 Thirty-nine patients (28.9%) had metabolic syndrome (MetS) compared to 17.8% of subjects in the matched control group (P = 0.001). Patients with CU and metabolic syndrome were older, had higher mean scores of disease activity, higher levels of serum eosinophil cationic protein (ECP), TNFα and complement system factors, besides higher frequency of negative TCSA when compared to patients with CU without MetS. Logistic regression showed that an urticaria activity score ≥ 13 (p=0.025) and the presence of MetS (p=0.036) were independent predictors of a likely difficult-to-treat CU.
107 Therefore, both CU and MetS may share low-grade chronic inflammation, involving TNFα, ECP and C3, which may be mutually triggering or exacerbating the disease.
107
Future studies will better elucidate subsequent disorders in patients with CU, since the disease may course with coexisting MetS, activation of coagulation/fibrinolysis and chronic inflammation, which may represent potential cardiovascular diseases and diabetes mellitus during the life of these patients.
CONCLUSIONS
-CU is currently classified as spontaneous or induced by physical stimuli. Convention determined that the term "idiopathic" should be avoided; -Studies with larger samples should be conducted in the future, to assess the value of screening and treatment of infectious and parasitic agents in the course of CU, especially in endemic areas; -The presence of autoreactivity in patients with spontaneous CU can be demonstrated in 50% of cases, in a simple manner by the autologous serum skin test; -The vast majority of CUs are not IgE-mediated allergic diseases. -The diagnosis of autoimmune CU should be based on strict criteria established by the European consensus; -The link between inflammation and coagulation, boosting the mediators release cascade was demonstrated in a group of patients with CU and high levels of eosinophilic activation; -First-line treatment of CU in the first decade of this century is based on second-generation antihistamines, however in some patients it is necessary to associate anti-inflammatory or immunosuppressive drugs, besides the promising use of immunobiological agents such as omalizumab; -Similar to some cases of psoriasis, spontaneous CU can have a major impact on patients' qualityof-life, and also in the various realms of the psyche. Further studies will confirm or deny, the progressive course of metabolic syndrome and cardiovascular complications among patients with long lasting spontaneous CU.❑
